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Recovery of Xylose from Sago Solid Hampas via Dilute Sulphuric Acid 
Pretreatment : Effects of Substrate Loading and Acid Concentration 
Farah Wahida Binti Mamat (50493) 
Programme of Resource Biotechnology 
Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 
ABSTRACT 
Sago hampas which contain lignocellulosic compound have potential for production ofxylose which later 
can be fermented into xylitol. The demand for xylitol has been increasing and become vital for most of the 
countries. In this study, sago hampas lignocellulosic compound was used as raw material for obtaining 
xylose. The targeting polymer is hemicellulose component which was breakdown to xylose through dilute 
sulphuric acid pretreatment. This study was conducted to determine the effect of acid concentration and 
solid to liquid ratio concentration on sago hampas pretreatment for xylose production. The maximum 
xylose concentration (6.3 g/L) was obtained at 121 •c, for 60 min, at acid concentration 2.0 %. For solid 
to liquid ratio, the xylose produced the most (9.0 g/L) at 121 •c, for 60 min, with substrate loading 7.0 %. 
This results indicates that the enzymatic hydrolysis of sago hampas able to increase xylose concentration. 
Keyword : Sago hampas, Lignocellulosic compound, Dilute sulphuric acid pretreatment, Xylose 
concentration. 
ABSTRAK 
Sago hampas yang mengandungi sebatian lignoselulosa mempunyai potensi untuk pengeluaran xilosa 
yang kemudiannya boleh ditapai menjadi xilitol. Permintaan untuk xilitol telah meningkat dan menjadi 
penting bagi kebanyakan negara. Dalam kajian ini, sebatian lignoselulosa dalam sagu hampas digunakan 
sebagai bahan mentah untuk mendapatkan xilosa. Polimer penargetan adalah komponen hemiselulosa 
yang dipecahkan kepada xilosa melalui proses pra-rawatan asid sulfurik cair. Kajian ini dijalankan untuk 
menentukan kesan kepekatan asid dan kepekatan nisbah pepejal cair pada pra-rawatan sagu hampas 
untuk pengeluaran xilosa. Kepekatan maksimum xilosa (6.3 g IL) diperoleh pada 121 ° C, selama 60 
minit, pada kepekatan asid 2.0 %. Bagi nisbah pepejal kepada cecair, xilosa menghasilkan paling banyak 
(9. 0 g IL) pada 121 °C, selama 60 minit, dengan kepekatan pepejal 7. 0 %. Keputusan ini menunjukkan 
bahawa hidrolisis enzimatik sagu hampas dapat meningkatkan kepekatan xilosa. 
K ata kunci: Sago hampas, Sebatian Lignoselulosa, Pra-rawatan asid sulfuric cair, Kepekatan xilosa. 
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CHAPTER 1 : Introduction 
Sago hampas is known as a good renewable feedstock that contain lignocellulosic 
material to extract xylose. The lignocellulosic material found in the sago hampas 
composed of carbohydrate polymer which are 20-40 wt% of cellulose, 40-50 wt% of 
hemicellulose, and 15-30 wt% of lignin (Timung et al., 2016). The hemicellulose is 
made up ofpentoses (xylose), hexose (mannose and glucose) and sugar acids (Menon et 
al., 2010). Cellulose, hernicellulose and lignin are crosslinking via non- covalent forces 
and covalent bonds (Perez et al., 2002). The random and amorphous structure of 
hemicellulose made it easy to be hydrolysed and the proportion of xylose in 
hemicellulose is higher compared to cellulose (Yang et al., 2007). 
Xylose is the most abundant of sugar released with small amounts of other sugars that 
can be obtained from hemicellulose, one of the main constituents of biomass during 
hydrolysis (Canilha et al., 2011). It is more susceptible to mild acid hydrolysis due to 
amorphous structure (Rafiqul and Sakinah, 2013). The use of dilute sulphuric acid can 
enhance the xylose production without the use of enzymes which are more expensive. 
(Saleh et al., 2014) 
Dilute acid hydrolysis pretreatment is a simple and express method to obtain 
hemicellulosic hydrolysate such as xylose and glucose (Chandel et al., 2012). It is 
effective in preserving the pentose sugar of the hernicellulose and lowering the inhibitory 
toxic substances (Ethaib et al., 2016). It vary with raw material type and parameters used 
such as acid concentration, substrate loading and reaction time (Sun et al., 2002). It is 
widely used as compared to concentrated as it is non-toxic, and cheaper (Timung et al., 
2016). Hydrochloric and sulphuric acid are commonly used in dilute concentration. 
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Generally, the parameter of acid concentration used is in the range of 0.5~4.5 % (v/v) 
and the solid slurry concentration is between 30 to 150 g/L. (Hong et al., 2016). The 
xylose produced at the end of hydrolysis decreases when the acid concentration for 
suspension of sago hampas was more than 4.0 % (Awg-Adeni et al., 2012). For the 
substrate load concentration, the sago hampas will be diluted with acid to identify the 
relationship between the weight of substrate and volume of acid in production of xylose. 
The hydrolysate will generate more xylose at high solid to liquid ratio which at 20 % (w 
/v) (Schell et al., 2003). After acid hydrolysis, the hydrolysate can be further fermented 
to xylitol using Candida tropicalis sp (Dominguez et al., 1997). 
Xylitol is a 'refined' sweetener that has similar sweetness to sucrose and 'empty' calories 
(Gunnars, 2017). Application of xylitol implemented to diabetic patients as it will not 
cause the rapid spike in blood sugar. Nowadays, the production of xylitol in industry 
sector become limited due to high cost and energy-intensive as it produced by chemical 
process with the used of toxic nickel catalyst (Barathikannan et al., 2016). The scientist 
and researchers are come out with an alternative to replace the chemical process to 
biotechnological approach such as pretreatment of dilute acid hydrolysis, which are more 
environmental friendly as well as lower costs of processing. 
The aim of this study is to produce xylose via dilute sulphuric acid pretreatment using 
sago hampas as a substrate. The specific objectives are: 
1) To study the effects of dilute sulphuric acid concentration ( 0.0 %, 2.0 %, 4.0 % and 
6.0 %) (v/v) on sago hampas pretreatment for xylose production. 
2) To determine the xylose production at various solid to liquid ratio of hydrolysis system 
( 5.0 %, 10.0 %, 15.0 % and 20.0 %) (w/v). 
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CHAPTER 2 : Literature Review 
2.1 Xylitol in Industry 
The xylitol is a sugar alcohols which are neither sugar nor alcohol, but it have a chemical 
structure that similar to both sugar and alcohol (Gunnars, 2017). It has similar sweetness 
level to sucrose and has low calories content (Mardawati et al., 2017). The production of 
xylitol in industry sector had increasing year by year as it really gave abundant of 
benefits. Nowadays, the xylitol can be found in toothpaste as it can reduce dental caries 
by decreasing the level of mutans streptococci in saliva (Ly et al., 2006). The adhesion 
of these bacteria to the teeth surface will be reduced by the xylitol and the potential of 
acid production from the mutans streptococci also reduced (Nayak et al., 2014). 
Application of xylitol also implemented to diabetic patients as it produce minimal effect 
on blood sugar and insulin levels after consumption (Pierini and CNC, 2001). The 
sweetness level ofxylitol similar to sucrose but 40% lower energy (Yewale et al., 2016). 
Xylitol is contrast with sucrose as the sucrose can induce a greater rise in blood glucose 
levels after consumption (Hassinger et al., 1981). 
High cost production of xylitol using chemical process, causes the applications become 
limited. The chemical process will be conducted at high temperature and pressure, and 
with nickel as catalyst (Nigam and Singh, 1998). Alternatively, xylitol can be obtained 
from lignocellulosic material of agricultural residues using biotechnological process 
which is inexpensive processing and need milder condition of pressure and temperature 
(Saha, 2003). 
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2.2 Sago hampas 
4 
Sago hampas is known as a good renewable feedstock that contain lignocellulosic 
material to extract xylose. It was classified as solid residue which also contain starch and 
non-starch polysaccharide (NSP) such as cellulose, hemicellulose and lignin at the pith. 
A single sago starch processing can produce approximately 7 tons of sago pith waste 
daily (Awg-Adeni et al., 2012). From the current study, the sago was used in production 
of sugar and ethanol, and there are still 40 % of free biomass contained in the waste. To 
fully utilize the sago waste, the xylose extraction from sago hampas had been carried out 
by the researchers by process of destarch. According to Awg-Adeni (2012), the sago 
hampas is composed about 58 % of the starch, 23 % cellulose, 9.2 % hemicellulose and 
4 % lignin (based on dry basis) that was used to produce glucose through hydrolysis 
process. The cellulose fraction contain 89 % of glucose and small amount of others sugar 
such as xylose and mannose, while at the hemicellulose fraction, the glucose and xylose 
are the major components. The xylose produced can be process to become a xylitol 
which are sugar alcohol that beneficial to the human. 
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2.3 Hemicellulose in Lignocellulosic Compound 
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Figure 1 Structure of hemicellulose in lignocellulosic compound (Kulkarni et al., 2012). 
The lignocellulosic compound is made up of three biopolymers which are cellulose, 
hemicellulose and lignin. The composition and percentages of the polymers are vary 
between plants species (Perez et al., 2002). The polymers are all closely associated with 
each other. The solid structure oflignin act as protective agent that prevent cell disruption 
of the plant by the fungi. The hernicellulose is the second major constituent of the 
lignocellulosic compound. It composed of different types of sugars which are glucose, 
galactose, arabinose, xylose and mannose (Perez et al., 2002). The susceptibility of 
cellulose to enzymatic degradation is lower than in hemicelluiose. The cellulose is strong 
and crystalline, while hemicellulose has amorphous and branched structure that caused 




Xylose is an aldopentose which made up of five carbon atoms and one aldehyde 
functional group. The chemical formula is CsHioOs. There are two structure of xylose 
which are D-xylose which occurred in living things while for the L-xylose it been 
synthesized. It can be extracted from the hemicellulose as the xylose is the main element 
contained in the xylan of the hemicellulose. The xylan can be converted into xylose 
through hydrolysis with a dilute acid (Wisniak et al., 1974). 
The D-xylose-rich hemicellulose hydrolysate can be fermented into xylitol which act as 
sugar sweetener in many industry products (Cuevas et al., 2015). There are a lot variety 
of specialty chemicals or fuels can be produced by using xylose as the substrate (Rafiqul 
and Sakinah, 2012). The xylose is better compare to glucose as the glucose contained 
many calories and carbohydrates that can increases blood sugar levels. 
2.5 Physical Pretreatment 
The examples of physical pretreatment methods are mechanical operations and ultrasonic 
pretreatment. The accessibility to hydrolysate polymers within lignocellulosic material 
can be increased using both methods (Amin et al., 2017). Mechanical pretreatment is 
widely used compared to other physical pretreatment, especially for handling waste 
materials such as agricultural residues. It involves chipping, milling and grinding to 
generate new surface areas and increase bulk density (Kumar and Sharma, 2017). 
The inhibitors, such as furfural and hydroxyl methyl furfural (HMF), are not produced at 
the end of physical pretreatment. The milling process is the best technique for ethanol 
production, but it require high-energy and is not economically effective as a pretreatment 
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synthesized. It can be extracted from the hemicellulose as the xylose is the main element 
contained in the xylan of the hemicellulose. The xylan can be converted into xylose 
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materials such as agricultural residues. It involves chipping, milling and grinding to 
generate new surface areas and increase bulk density (Kumar and Sharma, 2017). 
The inhibitors, such as furfural and hydroxyl methyl furfural (HMF), are not produced at 
the end of physical pretreatment. The milling process is the best technique for ethanol 
production, but it require high-energy and is not economically effective as a pretreatment 
method (Amin et al., 2017). 
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2.6 Biological Pretreatment 
{ 
Biological pretreatment is considered more efficient, energy saving, environmentally 
safe and inexpensive compared to chemical and physical pretreatment (Kumar and 
Sharma, 2017). It used microbes such as soft-rot fungi and brown, and enzymes which 
act as catalyst to degrade lignin and hemicellulose within the cell wall (Sanchez, 2009). 
The lignin only can be degraded by white-rot fungi with the presence of lignin degrading 
enzymes such as peroxidases and laccases (Kumar et al., 2009). Low rate of hydrolysis 
for industrial scale is one of the disadvantage of biological pretreatment. Besides, long 
residence time and large space is needed to perform biological pretreatment in industrial 
purposes (Amin et al., 2017). 
2.7 Chemical Pretreatment 
Chemical pretreatment is more often used compared to biological and physical 
pretreatment as it more effective and can enhance biodegradation of complex materials. 
These process can be divided into alkali and acid pretreatment. 
2.7.1 Alkali Pretreatment 
The addition of base into biomass cause the cellulose swelling, cellulose partial 
decrystallization and lignin breakdown (Teixeira et al., 2014). Neutralization process 
help the separation of lignin from inhibitors (Brodeur et al., 2011 ). These pretreatment 
work effectively at low lignin content of biomass, and work vice versa at high lignin 
content as the effectiveness of alkali pretreatment is depends on lignin concentration in 
biomass (Sun and Cheng, 2002). It require less acute conditions compared to other 
pretreatment methods. The common chemicals that usually been used are sodium 
hydroxide and potassium hydroxide especially in improve biomass digestibility. Lime 
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pretreatment is the example alkali preteatment that cheap and energy intensive. Mild 
alkali pretreatment is less severe compared to acid pretreatment and it can be carried out 
at room conditions (Kumar and Sharma, 2017). The disadvantage of these pretreatment 
is, the solubility of cellulose and hemicellulose is low, and the solubility can be increases 
by decreasing the degree of polymerization and crystallinity (Amin et al., 2017). 
2.7.2 Acid Pretreatment 
The disruption of van der Waals forces, hydrogen bond and covalent bonds that hold 
together the biomass components caused by acid pretreatment will solubilize the 
hemicellulose (Li et al., 2010). The main reaction that usually carried out by these 
pretreatment is hydrolysis of hemicellulose especially xylan, and caused the released of 
furfural and HMF. Acid pretreatment usually involve addition of concentrated or diluted 
acids to the biomass. Sulphuric acid and hydrochloric acid are acid that commonly used. 
2.7.2.1 Concentrated Acid Hydrolysis 
Concentrated acid hydrolysis is an old method which conducted at low atmospheric 
pressure and temperature which is less than 50 °C, together with high acid concentration 
(50-70 %, v/v) (Singh and Kalia, 2017). Strong acid such as sulphuric acid and 
hydrochloric acid commonly used at high concentration in hydrolysis. Although 
concentrated acid hydrolysis can convert almost 100 % of cellulose to glucose, but the 
acid itself is toxic and corrosive, thus caused the hydrolysis process become expensive 
(Kumar et al., 2009). The use of concentrated acid cause harm to environment when it 
directly being discharge into river stream. The process of economically achievable can 
be done when the concentrated acid was recovered after hydrolysis process (Singh and 
Kalia, 2017). 
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2.7.2.2 Dilute Sulphuric Acid Hydrolysis 
{l 
Dilute acid treatment is the most frequently used method of lignocellulosic feedstocks. 
The reaction rates and hemicellulose hy<lrolysis can be improved using this method. 
Lignin structure is difficult to dissolve, but will be disrupted to a high degree, causes the 
sensitivity of the hemicellulose towards the enzymes increased (Mudhoo, 2012). It is an 
important process to breakdown and overcome the lignin and rigid structure of the sago 
hampas to enhance the accessibility of the enzyme for preparation of hydrolysis process 
in converting the carbohydrate polymers into fermentable sugar (Sun and Cheng, 2005). 
The hemicellulose fiber was exposed after the disruption of lignocellulosic structure 
during the pretreatment process (Amin et al., 2017). The pretreatment should preserve 
the pentose sugar in the hemicellulose fractions which is xylose at low energy 
requirements (Ethaib et al,. 2016). 
During pretreatment process, the hemicellulose fiber in the lignocellulosic will be 
exposed after the break down of the carbohydrate polymer due to the disruption of 
hydrogen bond and van der Waals that hold the cellulose and hemicellulose together 
(Amin et al,. 2017). The rate of conversion into xylitol can be increased without the 
production of toxic side streams. This method is better and more suitable compared to 
others for conducting this study as high solubility of hemicellulose and lignin can be 
produce in acid, with high yield of glucose without need for subsequent enzymatic 
hydrolysis. It is inexpensive and high efficiency method, and can be used in industrial 
scale. 
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2.8 Effects of Parameter used in Acid Hydrolysis on Sago Hampas Lignocellulosic 
Compound (SHLC) 
2.8.1 Effects of Dilute Sulphuric Acid Concentration on SHLC 
The destarched sago hampas will be treated with dilute sulphuric acid to hydrolyse the 
hemicellulose. The concentration of 2.5 % (v/v) dilute sulphuric acid is the best in 
maximizing extensive hemicellulose removal. (Canilha et al., 2011 ). The temperature 
and reaction time will be kept constant (Manzoor et al., 2012). The higher the acid 
concentration used, the more inefficient the process of xylan extraction in the 
hemicellulose. Hence, it caused less xylose production at the end of acid hydrolysis. 
2.8.2 Effects of Solid to Liquid Ratio of Hydrolysis System on SHLC 
The hydrolysate will generate more xylose at high solid to liquid ratio which at 20 % 
(w/v) (Schell et al., 2003). According to Barathikannan et al.,(2016), when the 
substrate concentration increase, the xylitol production increases too as the growth in 
xylitol due to increase in activity of xylose reductase activity. The 7 % (v/v) of sago 
hampas suspension was the suitable ratio for enzymatic hydrolysis in production of 
glucose and conversion yield using dextrozymes (Awg-Adeni et al., 2013). 
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2.9 Xylitol Fermentation from Xylose 
fl» 
The yeast Candida tropicalis can be used in bioconversion of xylose into xylitol from 
sago hampas due to its ability to ferment xylose and it is known as a promising xylitol 
producer (Rao et al., 2006). The Saccharomyces cerevisiae was an excellent ethanol 
production capacity but it cannot utilize xylose neutrally, some need to break down 
glucose either in aerobic and anaerobic conditions, as it has too low xylitol 
dehydrogenase activity (Kaunisto, 2012). The removal of antimicrobial substances in 
the hydrolysate have to be biological which are environmental friendly and relatively 
more easy (Kamal et al, 2011). This treatment use low temperature and no chemicals, 
which is good advantage over the chemical treatments. Biological treatment can solve 
the problem cause by chemical treatment such as environmental harmful and the toxic 
chemical are discharge to the river by lowering the chemicals and temperature used, 
resulting in less biomass degradation. (Amin et al., 2017) 
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